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J.M.M. Smits(1)
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The crystal and molecular structure o f  a pyridine com plex o f  anhydrous copper(II)nitrate is 
described. The structure has been solved by vector search methods and refined by least-squares 
m ethods to R| =  0.049 [/ >  2cr(/)]. The com plex  lies on a twofold axis parallel to a, and 
two solvent pyridine molecules lie on tw ofold  axes parallel to c. The copper atom is coordinated 
by four pyridyl groups and two m onodentate  N 0 3 groups. Crystal data: C 30H 30N 8O 6Cu, 
orthorhom bic, space group Pnna(52), a =  14.446(7), b =  12.154(5), c =  16.881(4) Â, V = 
2964(2) Â 3, Z  =  4.
KEY WORDS: Pyridine complex of Cu(II)nitrate.
Introduction
As part of our program aimed at the design and 
synthesis of copper oxidation catalysts we synthesized 
a complex of unknown composition. We carried out 
an X-ray diffraction analysis to establish the crystal 
and molecular structure. The crystal under study 
appeared to be the title compound, [Cu(py)4 
-(N0 3)2](py)2- Based on thermogravimetric analysis 
and IR measurements, Biagetti et a l.x concluded that 
three types of stable pyridine complexes of anhydrous 
copper(II) nitrate are possible (see Table 1), one of 
which (3) is the title compound. Biagetti has described 
this compound but no structure was presented.
Experimental
The crystal data and a summary of the data collec­
tion and the structure solution and refinement are given
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Table 1. Proposed Copper(II)-pyridine complexes
Compound No. Color
[Cu(py)2(N 0 3)2] ( 1) Light blue
[Cu(py)4(N 0 3)2] (2 ) Violet
[Cu(py)4(N0 3)2](py)2 (3) Purple (title compound)
in Table 2. The atomic positional and vibrational 
parameters are given in Table 3. Because of the 
expected molecular structure of the synthesized com­
plex a planar model of Cu0 2(NC5)2 was input to a 
vector search program.2 The structure was solved but 
the compound appeared to be much simpler than was 
expected. Although only a part of the vector search 
model fitted correctly to the molecule, its phasing 
power was sufficient to solve the structure.
Discussion
The structure and the atomic numbering are pre­
sented in Fig. I .3 The complex lies on a twofold axis 
parallel to a, the solvent pyridine molecules lie on
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Table 2. Crystal data and summary of intensity data collection
and structure solution and refinement
Cry's ta I data
Compound 
Crystallization 
Formula weight 
Crystal system 
Space group 
Temperature, K 
Cell constants"
O
a, A
b, A
o
c, A
Cell volume, A3 
Formula units/unit cell
c^aic* g cm -3 
l^ calc* I^Tl
F(0 0 0 ), electrons
C3oH3oN80 6Cu 
from methanol/pyridine 
662.2
orthorhombic 
Pnna (52)
173
-i
14.446(7)
12.154(5)
16.881(4)
2964(2)
4
1.484
7.96
1372
Intensity' data collection
Diffractomer/scan 
Radiation, graphite 
monochromator 
Crystal dimensions, mm 
Scan width, 0 
Standard reflections 
Decay of standards 
Reflections measured 
2 0 -range,°
Range of h, k, I
Corrections:
Lorentz-polarization 
Reflcns(obs., I0 >  3cr(/0))
Computer programsc
Enraf-Nonius CAD-4/tt>-20 
M o K a (\ = 0.71073 Â)
0.45 X 0.45 X 0.36 
1.5
3, every 100 reflections 
1.00-1.05 
9339 
up to 60
0 <  h <  20 0 <  k <  17 
- 2 3  <  / <  23
merce
4334(2456) 
0.049(0.037) 
local programs
Structure solution and refinement
Structure solution 
Computer programs 
Structure refinement
non-H-atoms
H-atoms
Computer programs 
DIFABS7-correction 
Reflcns(obs., IQ > 3cr(/0))
D
merge
Weights6
Shift/esd
No. of restraints/parameters 
Goodness-of-fit on F2 
R index [/ >  2cr(/)]
R indices (all data)
Largest diff. peak and hole, 
e.A -3  0.64 and -0.51
see Experimental 
DIRDIF5
Full-matrix least-squares on 
F2
anisotropic
calc, positions, constrained 
isotropic 
SHELXL6 
0.86-1.18 
4334(2456)
0.043(0.033)
0.062 0.272 
less than 0 .2  
91/208 
1.060
/?, = 0.049
/?, =  0.096, wR2 = 0.126
a Least-squares refinement for 22 reflections 20° <  0 <  25°.
Rmerge = 1 \F 0 -  <F0> \2F 0.
Table 3. Atomic coordinates (X104) and equivalent isotropic 
displacement parameters (A2 X 103). U{Ci]) is defined as one 
third of the trace of the orthogonalized £/,, tensor
X y z A^eq)
Cu(l) 246.3(2) 2500 2500 173(1)
N(l) 203(1) 2442(2) 3714(1) 189(4)
C(l) 497(2) 3294(2) 4149(1) 224(5)
C(2) 433(2) 3313(2) 4969(1) 265(5)
C(3) 51(2) 2420(2) 5356(1) 285(5)
C(4) -258(2) 1541(2) 4909( 1 ) 283(6)
C(5) -172(2) 1579(2) 4093(1) 229(5)
N(2) -1144(2) 2500 2500 201(5)
C(6 ) -1623(2) 1719(2) 2113(1) 198(5)
C(7) -2579(2) 1685(2) 2105(1) 222(5)
C(8 ) -3069(2) 2500 2500 219(6)
N(3) 1644(2) 2500 2500 171(5)
C(9) 2127(2) 3271(2) 2103(1) 180(4)
C(10) 3086(2) 3297(2) 2089(1) 211(5)
C ( l l ) 3575(2) 2500 2500 216(6)
N(4) 2500 0 4457(2) 319(7)
C( 12) 2190(2) 855(2) 4875(1) 321(6)
C(13) 2173(2) 892(2) 5690(2) 362(6)
C( 14) 2500 0 6105(2) 384(10)
N(5) -2 5 0 0 0 502(2) 332(7)
C( 15) -2040(2) 750(2) 8 6 (2 ) 358(6)
C(16) — 2013(2) 783(2) -730(2) 354(6)
C( 17) -2 5 0 0 0 - 1  144(2) 343(9)
N(6 ) -61 (1 ) -339(2) 2428(1) 199(4)
0 ( 1) 420( 1 ) 521(1) 2474( 1 ) 265(4)
0 (2 ) -292(1) -826(2) 3042(1) 361(5)
0(3) -285(2) -703(2) 1769(1) 371(5)
c i
C 1 3 •
0  2  1
CU •
C 3 •
C2 '
CIS
C\? '
C 16
CIS* C 1 6 ’
Fig. 1. View of the molecules with atomic numbering. Primed
atoms are generated by symmetry.
twofold axes parallel to c. The copper(II) atom is coor­
dinated by four pyridyl groups and two monodentate 
N 0 3 groups; selected bond distances and angles are 
given in Table 4. Geometrical calculations4 revealed 
no unusual geometric features. The dihedral angles of 
the basal plane through the copper atom (Cu, N(l).
c Neutral scattering factors and anomalous dispersion corrections.8
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Table 4. Selected bond lengths [A] and angles [°]
Cu( 1 )-N(2) 2.009(3)
Cu(l)-N(3) 2.019(3)
C u(l) -N (l) 2.051(2)
Cu( 1 )-0 (  1) 2.418(2)
N(6)-0(3) 1.239(2)
N(6)-0(2) 1.241(2)
N(6)-0( 1) 1.259(2)
N(2)-Cu( 1 )-N( 1) 88.25(5)
N(3)-Cu( 1)—N( 1) 91.75(5)
N( i )-cu( i ) -0 ( i r 91.10(7)
N(2)-Cu( 1 )-0 (  1) 95.97(4)
N(3)-Cu( l ) -0 (  1) 84.03(4)
N( 1 )-Cu( 1 )-0 (  1) 89.27(7)
" Symmetry transformation used to generate equivalent atom: .r,
-y + I. + 4-
4m
N(2), N(3)) with the N (l)-, N(2)-, and N(3)-pyridyl 
rings respectively are 115, 122 and 128°. The shortest 
distances between carbon and oxygen atoms are C(5)
••• 0 ( 1) 3.140, C(8) ••• 0 (2) 3.253 and C(2) ••• 0(3) 
3.273 A.
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